Abstract: Water contact observation and urine examination were carried out on a population in an endemic area of Schistosoma haematobium infection, Mwachinga, Kwale district, Kenya. The change in the mean level of water contact with age and the ageprevalence or age-intensity distribution of S. haematobium infection showed similar trends, but not a direct quantitative relationship. Therefore, a mathematical model was applied in the attempt to analyze the relationship between the intensity of S. haematobium infection and the level of water contact. The worm burden, number of paired worms and proportion of hosts with paired worms were estimated from the level of water contact, annual incidence, and the proposed life-span of S. haematobium by using an immigrationdeath model on the basis of simple assumptions. These estimated values were compared with the observed prevalence and intensity of infection. The results showed a linear correlation between observed data and estimated values. We conclude that the characteristic shape of the age-egg output curve for S. haematobium in the community is satisfactorily explained solely in terms of 'the change in water contact with age.
INTRODUCTION
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The relationship between the age and the prevalence and intensity of S. haematobium infection is similar in most endemic areas. The characteristic shape of the age-prevalence and age-intensity curve for S. haematobium is a peak between the age of 10 and 14 years and a relatively rapid decline in older people (Warren, 1973; Mott, 1982) . Intestinal schistosomiasis also shows a similar age-related pattern. With regard to influences upon immigra-tion and emigration of worms, two major factors have been considered in explaining of the characteristic relationship between age and infection (Warren, 1973) . These are 1) the development of protective immunity by the age of 10 years (Bradley and McCullough, 1973 ) and 2) the variation in water contact with age (Dalton and Pole, 1978 ; Kvalsvig and Schutte, 1986 ) .
However, no convincing evidence has been presented on the role of protective immunity in the decline of the intensity or prevalence of infection after adolescence. Most of the evidence of protective immunity recently reported was observed after chemotherapy (Sturrock et at., 1983; Butterworth et at., 1985; Wilkins et at., 1987) . Meanwhile, epidemiologists concluded on the basis of human water contact studies that the characteristic shape of the ageegg output curve for S. haematobium is satisfactorily explained solely by the variation in water contact with age (Dalton and Pole, 1978 ; Kvalsvig and Schutte, 1986) . Again, however, shortcomings exist in their analysis, one of which is that the death of worms was not taken into account.
To further discuss the possible role of the level of water contact in the characteristic shape of the age-prevalence and! or intensity curve, not only a quantitative analysis of human water contact but also an estimation of worm burden is necessary. This is because the egg output reflects accumulated worm burden resulting from contact with infested water, not the level of water contact itself. On the basis of the level of water contact and the proposed lifespan of S. haematobium (Wilkins et at., 1984) , we attempted to estimate the worm burden in the community by using an immigration-death model. Since schistosome needs to mate to lay eggs, the probability of pairing was also calculated. The comparison between the observed data and estimated worm pair burden allows us to determine whether or not the patterns of S. haematobium infection in a community can be adequately explained solely in terms of the patterns of water contact.
MATERIALS AND METHODS
Urine examination
The present study was conducted at Mwachinga village, Kwale district, Kenya. Information concerning the geography, population, and prevalence and intensity of S. haematobium infection in the study area was compiled during an initial survey done in June 1982 and has been published elsewhere (Shimada et at., 1987) . The method of urine examination was also published previously (Shimada et at., 1986) . Briefly speaking, urine was collected 1 hour after the previous urination during midday. The intensity of infection was expressed as the number of eggs excreted per hour assessed by the filtration method of Peters et at. (1976) .
The geometric mean was obtained by using the n + 1 transformation for a series of egg output including zeros.
Water contact study
Water contact observation was carried out on the population over a period of one year (June 1982 to May 1983) by the direct observation method of Dalton and Pole (1978) . The study sites were 16 major points which had been identified as busy sites by a questionnaire. The observers were two villagers who have lived there for many years. In order to reduce the effect of site and seasonal variation in our study area, a 4 X 4 Latin square with three replicates was used. The study sites were divided at random into two groups of 8 sites. Each N umbers indicate the study sites. group of 8 sites was observed by one observer. Water contact was observed at each site for 4 days in each of the 3 "seasons" of 4 months' duration. Table 1 shows the date and sites of water contact observation made by one observer during one season of 4 months. The observation was carried out from 06 h 00 to 18 h 30. The collected information included names of inhabitants, time of day, duration of contact (in minutes), and submerged parts of the body. The level of water contact of an individual during a single submersion was expressed by the duration of contact (minutes) multiplied by the percentage of submerged parts to total body surface, which was calculated from the burn chart shown in Table 2 . Then the level of water contact of a person for one year was calculated as the sum of each contact. The level of water contact of a certain age group was expressed by the geometric mean. A population census was conducted in June 1983.
RESULTS
Water contact observation
Out of 1,195 villagers, 617 came in contact with water during the one year study period. The overall geometric mean of the level of water contact among observed persons was 1,510. Table 3 shows the relationship between the level of water contact and sex or age. The geometric mean of the levels of water contact of male and female was 1,580 and 1,450, respectively. The difference between sexes was not significant (t=0.48, p=0.63).
To express the level of water contact of each age group, the mean level of water contact for the observed person was multiplied by a ratio 'of the number of observed people to the total number of people of the group registered. The reason for this modification of the level of water contact is that the proportion of observed people differed much by sex and age, and non-observed persons probably came scarcely or less frequently in contact with water.
The modified level of water contact showed that, for males, the level of water contact reached a peak among those aged 10-14 years and then declined rapidly to lower levels, with the exception of a relatively high level of water contact at the age of 40-49 years. For females, the level of water contact reached a peak at the age of 5-9 years, decreased rapidly to a low level at the age of 15-19 years, and remained low in older people.
Estimation of worm burden, number of paired female worms and proportion of hosts with paired worms
The estimation of worm burden, number of paired female worms and proportion of hosts with paired worms was based on simple assumptions for immigration and emigration of m= -log (1-flJ) , where m is the mean number of female worms acquired by a person per year and B is the annual incidence. The annual incidence in our study area was about 0.28 (Shimada et al., 1989) . Solving the equation, therefore, 0.75 female worms were acquired per person per year and there are 2m or 1.5 worms acquired per person per year. We assumed that the number of cercariae invading a host reflects the level of water contact. Therefore, a person with a level as high as the mean annual level of water contact of the villagers in our study area is expected to acquire 1.5 worms per year. To obtain the immigration rate of each age group, we gave the constant A the value 1.5 and I the ratio of the level of water contact of each age group to the mean level of water contact of all the villagers. The death rate (D) was assumed to be 0.3 per worm per year. This was calculated from the estimated life-span of S. haematobium (3.4 years) proposed by Wilkins et al. (1984) .
In addition to the estimate of worm burden in a host, an attempt was made to estimate the number of paired female worms which reflects the intensity of infection or egg output, and also the proportion of hosts with paired worms which represents the prevalence of infection.
The probability of male and female worm mating was given as (0.88 x N) / (N + 1.73) as proposed by Goddard (1978) . Thus, the number of paired female worms (F) is expressed mathematically as P={l-exp(-N/2»)2 This is based upon the random distribution of worms among people (Macdonald, 1965) . A calculation program for these formulae in the NEC computer is written by BASIC language. The estimated number of paired worms and the proportion of hosts with paired worm by sex and age is shown in Table 4 . The number of paired worms reached a peak at the age of 10-14 years and declined to a lower number in older people. In males, however, another peak was observed at the age of 40-49. The proportion of hosts with paired worms showed a similar pattern.
Parasitological study
Of theinhabitants registered, 694 provided urine specimens in December 1982. Table 5 shows the prevalence of infection. The difference by sex was not statistically significant as a whole (Mantel-Haenszel x 2 =3.374, p=0.066). The prevalence of infection reached a peak at the age of 10-14 years in both sexes. However, the shape of the age-prevalence distribution after the peak differed by sex. Males showed a relatively sharp decline in prevalence from the peak to a lower level in older people with exceptionally lower prevalence at the age of 30-39 years. In contrast, the prevalence in females decreased from the peak gradually to 298 a lower level in older people. The prevalence of males aged 30-39 years was significantly lower than that of females (X 2 =5.896, p=0.015). The overall intensity of infection expressed by a geometric mean egg count was 76 eggs per hour, that of males being 75 eggs per hour and that of females 77 eggs per hour. No statistically significant difference was observed. The age-intensity distribution was similar to that of the age-prevalence curve in both males and females (Table 6 ). The egg output increased with age and reached a peak at the age of 10-14 years in both sexes. In males, egg counts declined rapidly from the peak to a lower level in older people with lowest counts at the age of 30-39 years. In females, by contrast, the intensity decreased gradually from the peak to a lower level in older people. The mean egg count of males aged 30-39 years was significantly lower than that of females (/=3.1923, p=0.0023)
Correlations between observed and estimated data
The estimated number of paired worms was compared with the observed egg output. The result is shown in Fig. l. The estimated values and observed data were plotted by sex and age. A linear correlation between observed and estimated data was observed. The coefficient was statistically significant. The estimated proportion of hosts with paired worm was compared with the observed prevalence in our study area (Fig. 2) . Again a linear correlation was shown between the observed and estimated data. The coefficient was statistically significant.
When the level of water contact was compared directly with observed egg output, the correlation was not as prominent as the above.
DISCUSSION
The main aim of the present study is to explain quantitatively the characteristic shape of the age-egg output distribution for S. haematobium by the change in the level of water contact with age. Dalton and Pole (1978) and Kvalsvig and Schutte (1986) observed the duration and frequency of water contact among the villagers and considered the possibility of a relationship between water contact and infection of S. haematobium. They concluded that there was a close relationship between water contact activity and the intensity or prevalence of infection. In their studies, however, important factors influencing the intensity or prevalence of infection-that is, the accumulation and death of worms-were not taken into account. Changes in prevalence and intensity of infection result from an imbalance in the opposing processes of immigration and emigration of worms.
To overcome the shortcomings in the previous analysis of water contact observations and to examine carefully the relationship between the level of water contact and the intensity of S. haematobium infection, we estimated the worm burden, number of paired worms and proportion of hosts with paired worms from the water contact observation and annual incidence in our study area and the proposed life span of S. haematobium by using a simple immigration-death model and other equations. The estimated values were compared with the observed data. There was a quantitatively close relationship between both the estimated number of paired worms and the observed intensity of infection, and between the estimated proportion of hosts with paired worms and the observed prevalence. The age-prevalence and age-intensity distribution of males in our study area showed an unexpectedly low prevalence and intensity in the 30-39 year age group. The present study revealed that this unexpectedly low prevalence and intensity of males 30-39 years of age could also be explained by the estimated proportion of hosts with paired worms and the number of paired worms. All these results imply that in this area the decline in intensity and prevalence of infection is satisfactorily explained solely by the decline in water contact after adolescence. When we directly compared the level of water contact with the observed prevalence or with the intensity of infection, the variation in level of water contact by age did not correlate well with the change in the prevalence or intensity of S. haematobium infection. For example, the highest level of water contact in females was observed at the age of 5-9 years although the intensity of infection showed a peak at the age of 10-14. This is not surprising, though, because the level of water contact only reflects the degree of immigration of worms.
Our analysis is based on a one year-long observation of water contact and a crosssectional examination of villagers for S. haematobium infection. We presumed 'that the water contact behavior of villagers had not changed for decades, and therefore that the infection of inhabitants was the result of behavior patterns and stayed more or less the same. Indeed, no major changes such as the installation of piped water had occurred in this area for several decades. The direct method of observation for water contact might influence the water contact behavior of villagers, especially of women. Thus, the level of water contact of women might be underestimated.
The assumptions made for the estimation of worm burden from the data of water contact may also be too simple. We assumed that the degree of water contact defines the degree of exposure, that the number of worms infected is proportional to the degree of exposure, that the death rate and fecundity of worms are constant throughout the life of the people, and so on. Although some studies have been carried out on these issues, especially with regard to S. mansoni (Upatham and Sturrock, 1973; Cheever, 1968; Medley and Anderson, 1985; Crombie and Anderson, 1985; Wertheimer et at., 1987) , still little is known. It is undoubtedly necessary to further clarify whether or not these assumptions are applicable to our analysis.
In the present study, no account was taken of other factors which may influence the acquisition of worms. These include the distribution of snails and their infection rates, the concentration of cercarial density in water and its diurnal fluctuation, and the time of day when villagers come in contact with water, etc. In our study area, children tended to come in contact with water at midday when the concentration of cercariae in the water was high, while adults were likely to come in contact with water in the morning and evening when the concentration of cercariae was low (unpublished data). When these factors are incorporated in the model, the difference in the worm burden gained by children and adults may be much wider.
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